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INTRODUCTION 
It has been known since Herlitzka's work in  1912 that it is possible to 
prepare colloidal solutions of chlorophyll by grinding plant tissue.  Lubi- 
menko (1927) found that some leaves (Funkia and Aspidistra genuses) gave 
on extraction with water clear stable green solutions which contained all 
the chlorophyll of the original leaf in combination with a  protein.  Other 
leaves  gave  extracts  which  contained  water  soluble  protein-combined 
chlorophyll but which were not stable, while still a  third group of plants 
had the chlorophyll attached to an insoluble protein.  He showed that the 
protein-chlorophyll solutions had the same absorption bands as the living 
leaf.  Mestre presented additional evidence that indicated the occurrence 
of  chlorophyll-protein compounds in  green plants.  Wald  has  measured 
the absorption curves and studied the protein properties of such solutions. 
Stoll and Wiedermann have made a careful study of the methods of prepara- 
tion and the properties of these compounds, and Smith has published an 
absorption curve and preliminary centrifugal studies of the protein-chloro- 
phyll solution extracted with digitalin from spinach indicating a molecular 
weight of over 70,000  in solution with digitalin.  Incidental to the study 
of plant virus proteins Price and Wyckoff and Loring, Osborn, and Wyckoff 
have prepared pure solutions showing sharp sedimentation boundaries of 
the chlorophyll-protein compounds from peas and beans.  Sedimentation 
constants of 77  X  10  -13, 117  X  10  -13, and 54  X  10  -13 were found. 
These studies all tend to show that in the living leaf chlorophyll occurs 
in combination with a protein much in the same way that heroin is attached 
to  a  protein  forming hemoglobin.  The  protein  apparently  varies  from 
species to species perhaps even more than does giobin from different species 
of animals.  As Stoll and Wiedermanr~ as well as Smith have pointed out, 
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an analogy may also be drawn to the respiratory enzymes which likewise 
contain a prosthetic group attached to a protein.  The chlorophyll-protein 
may be regarded as an enzyme of photosynthesis.  Eisler and Portheim pre- 
pared a  chloropl/yll-protein compound by adding an alcoholic chlorophyll 
solution to serum diluted in water and to water extracts of colorless plants. 
Dolk and van Veen also have made such solutions but do not confirm the 
other workers'  observations of an  02  evolution from  them in  the light. 
Lubimenko  (1921)  suggested  the  probability  of  the  photosynthetic 
bacteria having their pigments in the form of a compound with a protein 
and Wurmser, L~vy, and Teissier prepared a water soluble protein pigment 
compound from  a  species of purple bacteria,  Chromatium, and gave  its 
absorption spectrum in the visible range.  Short notes on the present work 
have appeared  (French,  1938 a  and b).  The importance of the study of 
means of preparation  of  these  solutions from photosynthetic organisms 
and the investigation of their properties lies in the relation of such work 
to the not yet achieved preparation of photosynthetically active extracts. 
The growth of knowledge of the process of fermentation after  Buchner 
prepared  active  cell  free  extracts  from  yeast  suggests  that  only  when 
similar extracts with photosynthetic activity are available will the chemical 
study of the mechanism of the photosynthetic reaction and isolation of 
the participating enzymes be possible.  Although the extracts at present 
obtainable do not reduce CO~ nor evolve O~, they do act as photosensitizers 
for the oxidation of ascorbic acid as is described below. 
Stoll  has  named  the  chlorophyll-protein  compound  "chloroplastin." 
However, as bacteria  and blue-green algae  do not seem to have  chloro- 
plasts, the pigment in these organisms occurring in solution in the proto- 
plasm, we prefer the more general name "photosynthin."  Smith, following 
Mestre's  terminology,  calls  the  extract  from  spinach  "phyllochlorin," 
but this term usually refers to a specific derivative of chlorophyll. 
After  various  attempts  at  obtaining  the  pigment complex of  purple 
bacteria  in  the form of protein compounds by  grinding (French,  1940), 
and lysis by freezing we gave up these methods and turned to  the well 
known supersonic vibration method for breaking the cells  (Chambers and 
Flosdorf).  We have prepared bacterial photosynthin in crude solution by 
supersonic vibration of suspensions of bacteria in water and have studied 
the absorption spectra and properties of the extracts from several species 
but have not yet been able to isolate the pure substances.  The preparation 
and  properties  of  photosynthin,  and  the  photosensitization of  ascorbic 
acid oxidation by it, are discussed here; the absorption spectra are presented 
in the following paper. c.  S.  :FRENCH  471 
EXPE]~  ]'M'ENTAL 
The Bacteria Cultures 
Pure cultures  of Streptococcus, (Rhodopseudomonas or Phaeomonas), varians (strains 
"original" and "C 11"); Spirillum, (Rhodospirillum), rubrum (strain "S l");Rhodo~ibrio 
sp.  (strain  Gaffron);  and  Phaeomonas sp.  (strain  Delft)  were kindly given us by Pro- 
lessor C. B. van Niel of the Hopkins Marine Station, Pacific Grove, California.  They 
were kept as stab cultures,  then grown for use in the following  medium made up in 
tap water. 
NH4C1 ................................................  0.1  per cent 
KH2PO4  ...............................................  0.05 per cent 
MgCI~  ................................................  0.02 per cent 
NaHCO8 ..............................................  0.084 per cent 
Na malate ............................................  0.075  per cent 
Yeast extract (Difco) ...................................  0.5  per cent 
Both Chlorella culture  flasks  (Warburg,  1919) and  sterile  bottles protected with  an 
inverted beaker  (Eymers and Wassink,  1938) were  used  for incubation at 35  ° in the 
light of several incandescent  lamps.  The bacteria were centrifuged  out of the medium 
and suspended  in tap water; they were then exposed  to the high frequency vibration. 
The Vibration Apparatus 
The earlier experiments were done with an oscillator after designs of Professor G. W. 
Pierce constructed by Dr. G. R. Tatum which delivers  1.3  amps.  driving current at a 
frequency of  15,000 cycles per second  using  a  water-cooled  cup  to hold the  liquid. 
Later a more powerful oscillator was constructed for Professor Pierce by Dr. Paul King 
which was kindly placed at our disposal.  This was used at a frequency of 21,000 cycles 
per second and had a larger cup.  The usual output of the oscillator  into the activating 
coil of the magnetostrictive vibrator was 5 amps.  A current  of 0.4 amps. D.C. passed 
through the magnetizing  coil.  During the periods  of exposure  a  stream of water at 
about 15°C. was forced into the nickel vibrator tube and came in contact with the under 
part of the 0.025 inch monel disc which formed the top of the tube and bottom of the 
glass cup which was attached with a  thin-walled  rubber  tube  and  held  the  bacteria 
suspensions, which were thus kept cool.  The usual time of irradiation of a 10 cc. batch 
was 20 minutes which sufficed for practically complete lysis. 
The Effects of Sonic Vibration on the Bacteria 
When  a  suspension  of  bacteria  is  exposed  to  vibration  in  the  cup  it 
gradually becomes more transparent  and the spotty appearance caused by 
swirling  a  suspension  of  uniformly  shaped  bacteria  disappears.  If  then 
the mixture is centrifuged there is a  very thin layer of black substance on 
the very bottom of the tube, above this some white cellular debris collects 
and the liquid above becomes clear, or in some cases slightly cloudy.  It is 
deep red or brown depending on the species of bacteria.  On standing, such 
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probably  consisting  of  denatured  protein.  The  observed  results  of  the 
vibration are believed to be due merely to the rupture of the cell wall. 
The effect of the vibration for various periods of time on a suspension of 
Streptococcus  varians  (Cll)  is shown in Fig.  1 where the amount of intact 
cells as judged by the pigment liberated, measured spectrophotometrically, 
is  compared  with  the  remaining  capacity  to  reduce  carbon  dioxide  with 
gaseous  hydrogen.  The  latter  was  measured  in  Warburg  manometers 
in 0.05 ~  KHCO8 with 5 per cent CO, in H, in the gas space (French, 1937). 
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FIG.  1. A suspension of Streptococcus varians  (C  11)  was treated with  supersonic 
vibration  and samples taken at various times.  The circles show the relative  rate of 
photosynthesis of the different samples and the crosses give the'fraction of the still 
intact cells. 
FIG. 2.  The  relative  solubility of photosynthin  from Spirillum  rubrum in neutral 
solutions of (NH,)2SO4 of different concentrations. 
Apparently  the photosynthetic  ability decreases in proportion  to  the  cell 
breakdown under these conditions.  It is to be hoped that further  experi- 
ments  will  show  conditions  under  which  the  photosynthetic  activity  is 
retained  in  spite  of  the  cell  destruction.  The  extracts  do  have  strong 
catalase activity, showing that at least this enzyme is not destroyed by the 
vibration.  An attempt was made to use the H~ activating  enzyme of B. 
coil  (Woods, 1936) in conjunction with the pigment of the purple bacteria 
to reproduce the  natural  cells' photosynthetic  system.  Woods has found 
that B. coli grown on formate broth will catalyze the reaction H~ +  COs 
HCOOH in  either  direction  to  the  point  of thermodynamic  equilibrium. 
We have confirmed the uptake of H~ and CO2 by B. coll.  However, in the 
attempt  to  obtain  the enzymes in  solution,  it  was found  that  under  our c.  s.  rl~CH  473 
conditions of vibration an exposure of the cells for. 2  minutes completely 
destroys the capacity of a culture to carry on this process. 
Properties of the Extracts 
The breaking of the cell wall by supersonic vibration is believed not to 
cause any very great changes in  the composition of the  cell juice,  so  a 
description of the properties of this extract probably bears directly on the 
question  of  the  nature  of  the  normal  cells'  photosynthetic  apparatus. 
Concentrated suspensions give a  solution so highly colored as to be nearly 
black.  Cloudy preparations which sometimes occur may be made com- 
pletely clear by saturating the solution with urea.  The extract is stable to 
alkali; it turns greenish and gives a  precipitate on treatment with acids. 
In concentrated HC1 it gives a clear green solution with no sharp absorption 
bands in the visible region.  Heating several minutes produces only slight 
precipitation and a color change to dirty green which fades on boiling.  If 
the solution is shaken with petroleum ether, ethyl ether, or CS~ the organic 
solvent layer remains colorless.  The  addition of considerable quantities 
of methyl alcohol or acetone to the solution, followed by extraction with 
any of the above solvents,  removes the pigments to  the organic solvent 
and gives a precipitate of denatured protein. 
The juice as prepared is of course a  mixture of inorganic salts, organic 
substances, enzymes, and various proteins as well as photosynthin.  The 
colored photosynthin is completely precipitated by neutral (NH4),S04  at 
half saturation and will partially redissolve again in water.  If more of the 
salt is added to the supernatant liquid to produce fuU saturation a  small 
amount  of  a  colorless  protein  is  obtained.  Half  saturation  with  urea 
will prevent precipitation of the photosynthin by half saturated (NH4),S04. 
The  solution  of photosynthin gives  a  negative  test  for  tyrosine with 
Millon's reagent.  Both copper and lead salts produce a colored precipitate 
from which the original colored solution cannot be regenerated by treat- 
ment with H2S. 
Fullers' earth acts as an adsorbent for the photosynthin from solutions 
below pH 9,  and gives up the coloring matter in more alkaline solutions. 
In  a  Tswett  adsorption column fullers'  earth  colors  an  even  brown  the 
whole length of a 5 cm. column when the water extract is poured through it. 
If the solution is diluted with phosphate buffer of pH 6.0 all the color is 
adsorbed in  the  first  1.5  cm.  After adsorption  all  the  pigment  can be 
washed  through  the  column  and  recovered in  solution  by  concentrated 
NH4OH.  With  CaCO3  in  the  column  there  was  very little  adsorption 
while with MgO the adsorption was complete in the first 3 mm.  So far 474  PROPERTIES  OF PHOTOSYNTHIN 
it has not yet been possible  to get bands of different colors in  a  Tswett 
column. 
The  color  of  the  extract  corresponds  to  that  of  the  cell  suspension. 
Thus,  aerobically grown cultures of Streptococcus varians  are  red,  as  are 
photosynthin solutions  obtained  therefrom, while  extracts  from cultures 
developed under anaerobic  conditions are brown  in  agreement with  the 
color of the cells (French,  1940).  Attempts to change the color of the ex- 
tract of either the brown anaerobic or red aerobically grown Streptococcus 
varians (orig.) by reduction with colloidal Pd and H~ or with Na hydrosulfite 
were not successful.  Treatment with  dilute  H202  at  room  temperature 
gave no color change either, but O, was evolved showing the presence of an 
enzyme with  catalase  activity.  1  Warming  in  a  10  per cent solution of 
H~O2 produces complete bleaching. 
At the suggestion of Professor E. J. Cohn some of the extract of Strepto- 
coccus varians  (orig.) was dialyzed a long time in cellophane sausage skins 
against acetate buffers of pH 4.0,  4.5,  5.0,  and 5.5  each in concentrations 
of 2.0,  0.2,  and 0.02  ~.  All the pH 4.0  solutions gave a  grayish brown 
precipitate,  leaving no  color in  solution.  At pH 4.5  the precipitate was 
less altered in color but again left no pigment in the solution.  At pH 5.0 
there was still  no  dissolved pigment but  the color of the precipitate ap- 
proached more completely the shade of the original solution.  At pH 5.5 
some pigment remained in the 2.0 ~  solution and nearly all stayed dissolved 
in the 0.02 ~  buffer.  All the precipitates were amorphous on microscopical 
examination. 
To  see if the photosynthin could be  separated from other proteins by 
(NH4)~SO4  fractionation,  an  experiment  was  made  with  the  extract  of 
Spirillum  rubrum.  The  protein  content of  1  cc.  was  found  to  be  41.3 
(duplicate 37.2)  mg. by precipitation with  10 per cent trichloracetic acid 
and collection of the precipitate on a  sintered glass Gooch crucible.  The 
absorption of this solution was measured at 875 m/z and the coefficient found 
to be 2.64 cc./mg./cm.  5 cc. were precipitated with 0.5 saturated (NI-I,)2SO, 
and  the precipitate  redissolved.  The absorption  and protein  content of 
this solution were measured, and the precipitation repeated with 0.3,  0.2, 
and 0.1  saturated  (NH4)2SO4,  giving the results summarized in Table  I. 
Since there is no apparent separation into fractions of either greater or 
less absorption per milligram of protein we may conclude that the various 
proteins present are not easily separable by salt precipitation at least at 
neutrality.  It  may of  course be  that  the photosynthin  constitutes  the 
1  These experiments were  done with Professor A. B. Hastings. c. s.  F~J~NCH'  475 
major part of the total protein present in which case little or no separation 
would be evident by this procedure. 
The solution having an extinction coefficient  of 2.64 cc./mg./cm, at 875 m# 
is equivalent  to  19.8  rag./1 bacteriophaeophtin;  i.e.,  about  2  X  10  -~ M. 
It  contains  41.3  rag.  protein  per  cc.  Assuming  arbitrarily  a  molecular 
weight of 70,000  it would be  about  5.9  X  10  -4 M in  respect to  protein. 
Thus in  this particular  solution the molecular ratio  of green pigment to 
protein on the basis of the above assumption would be of the order of 1 
to 30. 
The relative solubility of the colored photosynthin in (NH4)2SO4 solutions 
of varying concentration was determined by making solutions containing 
different amounts of  salt  but  the  same  amount  of  extract  of Spirillum 
TABLE  I 
Attempted Fractionation of Photosynthin 
Absorption coefficient  at 875 mt~ per rag. protein in water solution after successive 
precipitations with (NI-~)~SO4 solutions. 
(NH4):~SO4 concentration  used for precipitation  Absorption coefficient of redissolved photosynthin 
pet ce.J salutation 
o 
50 
30 
20 
lO 
~° 
m&. X  ~. 
2.64 
2.74 
2.84 
2.52 
2.76 
rubrum.  The solutions were centrifuged to remove the insoluble material 
and the supernatant liquids  compared colorimetrically with  the solution 
containing no  (NH4)2SO4.  Fig.  2  shows  the  results  of this  experiment. 
It must be realized that the presence of other proteins which might carry 
down photosynthin by adsorption may distort both this and the following 
curve for the effect of pH on the solubility.  However, the fractionation 
experiment above suggests that  the major part of the protein present is 
the one which functions  as  a  carrier of  the pigments.  This  makes  the 
possibility  of  adsorption  a  less  probable  objection  to  considering  these 
curves as describing the properties of  the  chemically pure photosynthin 
itself. 
Buffers of glycine-HC1, acetate, and phosphate were used for the measure- 
ment of solubility of Spirillum rubrum photosynthin which was determined 
colorimetrically at various pH values.  The results are presented in Fig. 3. 476  PROPERTIES  OF PHOTOSYNTIIIN 
Photoxidation by the Cell Extracts 
It  has  already been  stated  that  the  photosynthin solutions  obtained 
from various cultures of purple bacteria do not display the normal photo- 
synthetic activity of the intact cells.  An experiment was tried with the 
extracted  purple  bacteria  juice  in  which  was  suspended  live  B.  coli  in 
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FIG. 3. The relative solubility of Spirillum rubrum photosynthin in ~/15 phosphate 
buffers at various pH values. 
FIG. 4. The rate of the photochemical oxidation of ascorbic acid by Rhodovibrio 
sp. photosynthin is proportional to the  light  intensity.  The rate of reaction in  the 
brightest light decreased from 26 to 15 c.mm./10 rain. during the course of the experi- 
ment (4 hours), so each point has been multiplied by a factor to correct for this change. 
The point marked with a cross was measured with 02 in the gas space.  Vo = 11.31 cc., 
VL = 7.0 cc., pH 6.0, 1 cc. pigment, temperature = 24.4°C. 
the hope of using the coli enzymes to activate the molecular H,, while the 
pigment caused CO~. reduction by the activated H2.  No difference in rate 
of H2 +  CO2 uptake was, however, observed in the light and in the dark. 
These  observations  thus  agree  with  the  negative  results  of  attempts  to 
obtain photosynthetically active extracts from green plants. 
The bacterial extracts also fail to show the presence of enzymes activating 
the  oxy-hydrogen  reaction.  The  above  mentioned  destruction  of  the 
enzyme of B.  coli by exposure to supersonic waves would fit in with the 
supposition that the hydrogen activating system is relatively unstable. C.  S.  ~RENCH  477 
Ethyl chlorophyllid in acetone solution has been found by Gaffron to be 
a  photosensitizer  for  the  oxidation  of  an  easily  oxidizable  substance, 
allyl thiourea, by dissolved oxygen.  The quantum yield of this  reaction 
he  found  to be  1.0 over the range 655-436  m/z.  It is possible that this 
property  of  chlorophyll  of  photosensitizing  an  otherwise  fairly  stable 
system may be related to the participation of that substance in the photo- 
synthetic reduction of CO,.. 
An analogous situation was found with water solutions of the cell free 
bacteria juice.  Ascorbic acid was used as the 03 acceptor for the experi- 
ment shown in Table II.  It is evident that the ascorbic acid will not act 
as a reducing substance for CO2 reduction by the illuminated pigment but 
is  susceptible  to  sensitized photoxidation by  air.  That  the presence of 
TABLE  II 
Pkotoxidation of Ascorbic Acid 
Rectangular vessel V =  18.37 ec. 
Light:  40 watt showcase  bulb at 0.5 can. 
Liquid:  0.5 co. Streptococcus varians (orig.) extract (5.56 per cent solids) 
0.7 cc. 0.5 •  KHCO3 
1.8 cc. water 
20.0 mg. ascorbic acid 
Temperature:  23.4°C. 
Gas:  5 per cent CO2/N~  5 per cent CO~/sir 
ram.~5 rain.  ram.~5 rain. 
Dark  -1  -2 
Light  0  - 12 
COs is  unnecessary is  shown  by Table  III.  The spontaneous oxidation 
of  ascorbic  acid  is  sensitive  to  Cu  catalysis  (Stotz, Hatter, and King). 
Light does not, however, influence the rate of this Cu-catalyzed oxidation 
according  to  the  results  of  a  specifically  designed  control  experiment. 
Similar photosensitizations of ascorbic acid oxidation have been reported 
by  Martini  for  lactoflavine  and  methylene blue  (cf.  Hopkins  and  also 
Hand,  Guthrie, and Sharp).  Puckowitz has recently found that extracts 
of spinach will act in much the same way as do our solutions also with an 
apparently low quantum yield. 
Measurements were made of the rate of the photochemical reaction in 
different spectral regions with light from a 500 watt incandescent bulb set 
up with a silvered watch glass reflector and an f: 1 condenser lens throwing 
the beam on a  concave microscope mirror placed in the thermostat water. 
This threw an oblong image of the condenser lens on the bottom of the 
rectangular vessel.  Three  times the photochemical effect was produced 478  PROPERTIES  OF  PHOTOSYNTHIN 
TABLE  ILI 
Photoxidation of Ascorbic Acid 
Conical vessel 
Main space:  2.00  cc. phosphate buffer pH 7.0 M/15 
I0  lcm.  =560  0.5 cc. Rhodovibrio extract logz0  ~  855 m/~ 
Inset:  0.2 cc. 5 per cent KOI-I 
Side arm:  17.0 mg. ascorbic acid 
Light:  500 watt projection bulb with f:t condenser and reflector 
Gas:  Air 
Temperature:  24.7°C. 
Time  Illumination  O= absorbed 
mln.  ¢,mm. 
10  Light  0 
10  Dark  0 
Ascorbic acid added from side arm 
20  Dark  0 
40  Light  34 
60  Dark  7 
TABLE  IV 
Photosensitization of AscorNc Acid O~idation by Bacterial Extract in Different Spectral 
Regions 
Rectangular Vessel  V  --  18.09 cc. 
Liquid:  6.00  cc.  phosphate buffer x~/15 pH  7.0  (pH  with ascorbic acid  =  4.4) 
1.00 cc. Rkodovibrio extract loglo  855 m~  560 
50 rag. ascorbic acid 
Light:  500 watt projection bulb with f:l  condenser and reflector 
Light path in water  =  27 cm. 
Gas:  Air 
Temperature:  24.4°C. 
Wave length region  Filter  Rate of O= uptake 
m~ 
920-400 
920-600 
920-650 
920-800 
800-400 
650-400 
Dark 
None 
Wmtten No. 29 
Wratten No. 70 
Wratten No. 70, No. 74 
3.2 cm. saturated FeSO4 in 10 per cent H2SO, 
3.2 era. 5 per cent CuSO4 
c.mm./lO  mi~. 
--34 
--13 
--13 
--4 
--13 
--10 
--1.1 c.  s.  r~ENCH  479 
by this arrangement as by a long 40 watt frosted show case lamp about 0.5 
cm. below the vessel.  Filters were placed in the beam as desired.  The 
results of this experiment are summarized in Table IV.  At the position of 
minimum  absorption, 650 m~, the absorption of the solution as used in the 
vessel was 68  per cent; at  all other wave lengths the solution absorbed 
more strongly.  This experiment shows that both the near infrared region 
and the visible region are capable of action, thus ruling out the possibility 
of the  effect being solely due to  some other pigment than  the infrared 
absorbing photosynthin. 
Another  experiment  with  this  illumination  arrangement  and  neutral 
filters made by diluting India ink with water and calibrating the solutions 
spectrophotometricaUy showed approximate proportionality between light 
intensity and rate of reaction corrected for both dark reaction and decrease 
of the rate in bright light with time.  Up to the limit of light intensity 
obtainable with this apparatus there is direct proportionality between the 
intensity and the rate of photochemical action as shown in Fig. 4.  With 
O~ instead of air the rate of the oxidation in the dark was raised from 2.5 
to  10.5 c.mm. O~ per 10 minutes but the rate of photoxidation corrected 
for the thermal reaction rose only from 15 in air to 25  c.mm. O~ per 10 
minutes in O2. 
DISCUSSION 
The  results  here  reported are  of  significance in  that  they  contribute 
to  the knowledge of the behavior of one constituent of the cells' photo- 
synthetic  system.  Here  we  are  dealing  presumably  with  the  pigment 
under the same conditions as it exists in the live cells.  However, the other 
constituents of the system, enzymes, and possibly intermediate products, 
are  evidently destroyed or diluted to  such an extent that their activity 
is no longer measurable after this extraction process.  There is of course 
the possibility that destruction of the cell structure or disturbances in the 
relation of various  cell parts  to  each  other  destroy the  photosynthetic 
capacity, although the substances taking part in the reaction are unaltered 
and still present in solution. 
In the determination of quantum yields of photosynthesis it is necessary 
to measure the  fraction  of  the  incident  light  absorbed  by  the  pigment 
in  the  cells.  The  cell wall scatters a  good deal of light (French,  1937) 
especially in the visible spectrum, thus  complicating measurement of the 
truly absorbed portion which controls the metabolic activity.  The quan- 
titative extraction of the pigment from the cells by the supersonic treatment 
described here gives better means of determining the light absorbed by the 480  PROPERTIES  OF PHOTOSYNTHIN 
pigment alone  in  a  suspension of  bacteria,  since  the  absorption of  the 
pigment may be measured in a clear solution.  It would also be extremely 
important to study the extracts of blue-green algae which have the photo- 
synthin dissolved in the protoplasm rather than in the solid structure of 
chloroplasts. 
The  starting point for  this work was the  desire to  isolate  the photo- 
synthin in chemically pure form and to determine its  composition as to 
pigment, protein,  metals,  and  other possible  constituents such  as  ether 
soluble  fractions  and  carbohydrates.  The  completion of  this  program 
would involve work on a  larger  scale than has yet been attempted.  A 
determination of  the  molecular weight by  the  ultracentrifuge would be 
interesting and centrifugal studies are necessary to confirm the present idea 
that  the  two  types of pigment, bacteriochlorophyll and  carotinoids, are 
attached to the same protein molecule.  This conception is based on  the 
facts that fractionation of the extract with (NH4)2SO~ solution or by acid 
precipitation does not produce fractions of different colors, and that such 
fractionation has also been impossible either by adsorption on a  Tswett 
column or by spreading on filter paper.  A  few preliminary experiments 
with the addition of acetone or methyl alcohol to the cold solution of photo- 
synthin under ether with the hope of removing either of the pigments from 
the protein and then making it recombine by evaporation of the ether were 
not successful but should be continued. 
SUMMARY 
1.  Photosynthetic bacteria in water suspension break open when treated 
with  supersonic vibration  thus  liberating  the  cell  contents,  including a 
water soluble protein to which is attached the otherwise water insoluble 
pigments, bacteriochlorophyll and  carotinoids.  Both  types  of pigments 
appear to be combined with the same protein. 
2.  The protein pigment compound is insoluble in the region of pH 3.0 
to 4.5  and in neutral solution can be completely precipitated by 0.5 satu- 
rated  (NH4)2SO4.  It  is  soluble  in  distilled  water  and  adsorbable  on 
fullers' earth. 
3.  Supersonic  extracts  of  photosynthetic  bacteria  do  not  have  the 
ability to carry on photosynthesis, but will act as a photocatalyst for the 
oxidation of ascorbic acid with visible or infrared radiation.  The rate of 
the photochemical oxidation is proportional to the light intensity. 
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